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performed at expensive to use a data bus width of 'm+n' bits within the filter
network. In practice, the data is usually truncated so that it is
‘represented by fewer bits, and the least significant bits are
discarded.

25 However, when data values are truncated, an average
truncation error is introduced into the data. The average value of
this error for a single truncation stage is equal to one half of the
Least Significant Bit (LSB) of the truncated value. The truncation
error appears as a DC ‘bias in the resulting series of data values,

30 and increases in proportion to the number of truncation stages’
that sequentially process the data. For instance, after "Y"
truncation stages the resultant average DC offset component
(hereafter termed the Offset Error) in the data is given by:

Offset Error = Y * LSB/2
35 where LSB is the Least Significant Bit of the truncated number.
This result assumes a constant scaling of data
throughout the truncation stages. If truncations are performed at
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In addition, the apparatus is particularly beneficial in consumer
20 products such as advanced and high definition television receivers
and related systems.

Apparatus according to the present invention
compensates for error introduced by truncation in digital signal
processing. The inventor has recognized that compensation for the

25 Offset Error introduced into data as a result of one or more
truncations can be achieved by adding a compensation value to
the processed data. In a disclosed embodiment, the apparatus uses
a control network to provide a DC offset compensation value
which is added to processed data in order to accomplish the

30 compensation. )

More than one compensation value may be selected
and applied. This may occur, for example, where the number of
truncation stages is selectable in a configurable system. Then the
compensation value used can be selected depending on the

35 selected system configuration.
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Complex or real filter coefficients (CN... C2, C1) of m
bits in length are multiplied by data of n bits in length to produce
data of m+n bits in length at the output of each multiplier. It is
often impractical and expensive to use a data bus width of m+n
25 bits within the filter. In practice, the data is often truncated so
that it is represented by fewer bits, with the least significant bits
being discarded to produce the truncated data.
However, if a series of data values are truncated, an
average truncation error is introduced into the data. The average
30 wvalue of this error for a'single truncation stage is equal to one half
of the Least Significant Bit (LSB) of the truncated value. This
average value results from the fact that the truncation error
occurring at each stage is random, and lies between zero and one
LSB of the truncated value. Therefore, the average value of the
35 truncation error at each stage is one half of the LSB



of the truncated value. This truncation error appears as a DC bias I n
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truncation stagli€ truncation error at each stage equals the product of the LSB/2
truncation error multiplied by the appropriate scale factor at each
stage. The appropriate scale factor at a particular truncation stage
is the factor by which the data at that stage is multiplied relative
25 to the nominal (non-scaled) data. In the last example, the
appropriate scale factor at a particular truncation stage would be
the 2, 4, 8, ... etc., factor used to multiply/divide the data relative
to the non-scaled data.
The filtered data output of filter 20 at steady state
30 contains the sum of the products of the input data and the various
constant coefficients (CN... C2, Cl). Therefore, the output data from.
~ filter 20 includes a summation of the truncation errors of each
multiplier stage. Consequently, the filter 20 Offset Error is a result
of truncation error accumulation and is proportional to the
35 number of truncation stages, assuming constant scaling of the data .
at each truncation stage. N '
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di fferent nunbers truncation stafg S are possi
di fferent DC Oft[rgg{;atlons occurring within filter 20. For example, assumlng that
filter 20 contains Y truncation stages and uses constant data
scaling at each truncation, the Offset Error in the output data (Y *
LSB/2) is stored in memory 40 in negative form to provide the
25 Compensation Value. This Compensation Value is added to the
processed data via input adder 24n to achieve compensation. The
Compensation Value may be added to the processed data path at
any point where there is a known gain relationship between the
point of addition and the filter output. In Figure 1, the point of
30 addition, in adder 24n, has a constant unity gain relationship to
the filter output, and there is a constant scaling of data during
processing.
‘The magnitude of the Compensation Value depends on
the number and scaling of the filter 20 truncation stages. Where
35 different filter configurations with different numbers of |
truncation stages are possible, as in Figure 1, different DC offset



6 conpensatlon values are required. In such a case, for exanple, a
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configurations differ in the number of multipliers involved, for
25 example, the configurations also differ in their number of
' truncation stages. This means a different Compensation Value is
required for each configuration.
Control network 50 determines the filter 20
configuration by means of the Control signal and also loads
30 memory 40 with the Compensation Value that is compatible with
‘the filter 20 configuration. Control network 50 performs these
functions in response to a System Configuration signal, which may
be provided as a binary logic level input signal to control network
50 from a programmed external microprocessor (not shown). The
35 System Configuration signal itself may be determined, for
example, by sensing the way the input signal to filter 20 has been
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conpensating rrmleréﬂmmeem fwithﬁi mﬁfmgureamla 56. In thiy axXagiple two
I mpl ement ati on

& 319_2 gne 25 redet. ned filter
configuration i é FEV@ odnpgngq h%ﬂ e fucs ﬁ%e‘?gr?ﬁoﬁége&%erﬁgﬂl%en 9al ue
is stored in rrehn@rlylndmyaftdvo levelbosﬂatumrufr ¢he nBystenk GOnfiguratiomrsighal.ar e

not requiregl. Eﬁ%h valueﬁtlgeferﬁe‘émgff e&fsoaa%ﬂ ewi'tha%d 8&&%& FREC IR ed

functions re as previously descr
Anot her vari at |C@|ﬂflﬂu’ta’€é01|l:-| gure 1 enbodi nent may " occur when the

Conpensation Value is choggn flftefgdieérﬁdi‘-com eﬁ@df@&“éﬁipﬁlﬁ of Alfdr 20 fi
caused by functions other tha trunc E ﬁla For exa

e
function bl ockPIPREFEAu yn(?'-\_tﬁ“ procgpchet ay_gp@rgq;raj SB coul d be
conpensat ed by vadiditngof functibf/ 4nathed cahtktvef wedigiRsp iV i reekiverp fohe

processed ?6tael%mple, tHod§ FRAOSSSs dl%%():,r 'ul%gludeb%egcrambhng, and decoding
functions as will be described in connection with Figure 3.
Although the Figure 1 preferred embodiment shows a
method for compenéating more than one filter configuration, a
simpler implementation is possible. Where only one

25 predetermined filter configuration is involved, a single
predetermined Compensation Value is stored in memory 40 and
both control network 50 and memory 60 are not required. The
other elements of Figure 1 and their associated functions remain
the same as previously described.

30 Another variation of the Figure 1 embodiment may
occur when the Compensation Value is chosen in order to
compensate for a DC shift caused by functions other than
truncation stages. For example, function blocks introducing DC
offsets equal to LSB/4 or 2LSB could be compensated by adding

35 -LSB/4 and -2LSB values respectively to the processed data by
the methods described above.



-Anot her enbodi nent of the invention is shown in Figure 2. In Figure 2

the DC of fset conpensation val ue is obtained by nmeasurenent. In Figure
1 in contrast, the DC offset conpensa]i on value is predeterm ned froma
know edge of the 5 system configuration, in particular, from the nunber
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processed by [ ocesso Fi e, f| ter 20
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enabl e neanoOff€d Eororeaneasnreimen® fistworkr 96 whichhés fabbseat £Onout put

Signal . NetworkigleasORAOVES B NRRELYE Y81 AugE 0 dRERE procegsof O

and stores this ue-as | ue’in nmenor

Compensat i on VAQuandsmemaery t40 dat Elgwnehuzn cortespondota dlnnlarty dabdked
conpensat ijoqn | RetSri&2TR r 1as was descri bed earlier in connection
with the e odi nent of F Bef or e neasuri_ng_ the

O fset Error, the Oorrpen t tgpre 2 a&/anuﬁles@mwmwn&e%@gm ils digited set

to zero. This ¢iddy efathhflom an inpat Protessdr ler id Cﬁll@@reﬂeﬁ?yuﬁﬁgitals sitial

1l tered ont pufilter” 803 e lgred a}ﬁpg# i HtescoD B dftether B by
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rror i ntrotucolga 15 Ak asspl oo, deitrBilient AR 957 ThiS) i dhoBhable |
the DC conponetﬁ@t\i‘fﬁrk o cted masuire t the Lfsets Errersinethe dilter 20 outplatsi red
This initialiZaigil ANERFGK O3 %IR?%&NE%%M‘ x{e@%@w%me oft ?6%.‘3@39%

Reset si gnal hown |gure . Reset
control networ IEIEQC R S&OI&SO ismyale as the %‘HPSB@%%%’F PrB%e éﬁoWﬂmOWI
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si gnal . ey p
earher in connection with the embodiment of Figure 1.
Before measuring the Offset Error, the Compensation
Value stored in memory 40 is first set to zero. This ensures that
the Offset Error to be measured is not affected by any previous
25 Compensation Value stored in memory 40. If the filtered output
data itself contained a DC component, then the Compensation
Value may be set to the negative value of this expected DC
component. Then the filter 20 output only contains the Offset
Error introduced by filter 20 processing. This would ensure that
30 only the DC component introduced by filter 20 was measured, as
is desired. This initialization procedure is performed in response
to a memory Reset signal as shown in Figure 2. The Reset signal is
provided by a control network such as a programmed
microprocessor (not shown), in response to a power-up syétém
35 reset, for example. The Compensation Value output may be
provided only upon occurrence of the Reset signal. Alternatively,



t he Conpensation Val ue may be provided periodically based on a periodic

measur ement, dependi ng on the requirenents of a particul ar system

" Next, the filter 20 output signal contaigingthe Ofset 5 Error is | ow
pass filtered by network 95 to provide a“DC val ue that appr oxi mat es

the Ofset Error. The low pass filtered signal is then sanpled to

provi de the nmegsured O fset Er . The sanpling, . er.forned ,after
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_assure adequat pedbdid | imeysargment; udepynding fen 1the requireatental of. a The
timng of the égﬁi@%&g is'fy Qg erm ned by a Timng signal as shown in
Figure 2. The Ti 'é) I g £ERS provi ded by a control network such as a
progranmed microprocessoNgxtotthe filtesh2Qngutput sigapbreontaining pdee Offset
condition, sandeRfy e 186/ g:\ﬁ@é’ filtered b ER@OB@S%S‘ télgxgﬁJidefé)fDeX%HR{eemw
such case the Timng signal 15 maté€§ e provided by the m croprocessaor
fol l owing a pr 8PPERNHERALES they Qﬁgs"dg 1orai B¢ lowe passehiliesed Sign@héSR@lﬁélt'
'Sl'lh gnal . Olthgr afemlm@@ to proifﬂ}dﬂlhé' ﬂlleasmtmﬁget (Exfréﬁé The' SamPlhgPqs S| :)l e.
ese include, fo ampl e,. enpl ayi ng a pgoagr m.croprocessqr to
conput e the Pertrﬁmkeéic a&?“‘ﬁoﬁ“&“&’rﬁ% e g‘é‘%?‘ﬂ%"i%‘ﬁe%‘.‘e Tﬁ?’g ot the
f:orrput ation cogtséasMSemntototwdsmg Adequatet btadilicy aaed agecurbicy sﬁ; fheci ently
arge seri o] % Sl rder..to OXIi rat . set
val e of th8 °sampled SPAle! CIEibiing" OF kO ARBIAE IF A B By 3 e
t he negative vdlimgngfsignel as shewasim &igore sht Ther Timingl signaless provided ue
as the Conpensatki gn Vi | # 0 ' 6‘,@{?3 i
Val ue is added%{ylo(21 C%iu"tof}eﬁ%lr:’kggié%se dﬁéaﬁbgr@ﬁ%ﬂ;@%hp@ra ig\gli(?II (H,Bt
conpensat i on | SNPRE). in IESHARSE P i RRVGI-88sEPNBKIPT.n2BANAEYT bn darived
Figure 1. from the ResetTéigndESfdr eRAmRENTASsUCH casePdhes Timidg fEnal
truncatlon1 rrors e of ‘aar'a:v@ul a.é advantage in a Sﬁstem for 30 4
equal i zi ng- 3 PAMRE RepPTRVIGEdNOYuthE cBIE cetsprafolgRiinga,programme
Quadr at ur e Anpltirheddeldyd uiftere thd Qjgeasagpemlof theReseti gigrlali Other midthoded
by a constell atjo fi S I | : ' |- 14 . ttern on
a real -i magi nart9 ngar%% ng‘%aﬁfg%\kﬁnﬁfﬁ%%%&g‘d aké .ﬁ?%g%fréporyggs& 1%%lug ualt zer
of this type asxamplepecoiployingcd progragunpdnsdcraprocesson tancammpreethor s
by the describqgfgef 198r from a series of data values. This computation consists
20 of taking the arithmetic average of a sufficiently large series of
data values in order to approximate the DC offset value of the
data, as known.
Network 95 then derives the negative value of the
measured Offset Error and stores this value as the Compensation
25 Value in memory 40. Finally, the Compensation Value is added to
the processed data by filter 20 to achieve compensation in the
manner previously described in connection with Figure 1.
The described methods for compensating for
truncation errors are of particular advantage in a system for
30 equalizing a Pulse Amplitude Modulated (PAM) signal such as a
Quadrature Amplitude Modulated (QAM) signal. Such a signal is
defined by a constellation of symbol points arranged in a grid-like
pattern on a real-imaginary plane, as.known. Figure 3
" incorporates an equalizer of this type as will be discussed.

35 Compensation for truncation errors by the described methods



10 reduces randomorbital errors associated with individual

constel | ati on poi nts. Figure 3 is a block diagramof a
portion of an advanced ° TV receiver including an equalizer network 120
which may 5 enploy a filter in accorddfce with the principles of the

pr esent invention. Atransmtted TV signal received by an antenna 110
such as a QAM §é(gn_q,j I 0 il N t
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of fset conpensafjon is pl 0_equ zer
with the pri nc?% ISR networl?ﬁ f?ﬁ\Fé?ﬂWB anh ncLipnsn, agg nwel: ke@wa t h
" Figure 1. O herndb5are slescebedprfbr g&xa‘iﬁpl@nanofthé hefadeaeentes(tsmmdln Figure

the - “aqual GEPPRICRLA L R8T e el ORI ALEEY 185, O

denodul at ed, e&astoneMANIIDE, dH8SYt conpensat ed output data fromunit
120 i s decosled by means qfhé%utgﬁﬁ hall 4PomMiin§ 118 1Ped@m§ﬂﬁfat§§|58g‘r)2

decoder, for exa ed data packets romu

then applied t 3§04 P'is tor ZRSQYRL: ¢ ?ob@%@%ﬂ dy s@ta vfipen theameodelated impader
of each data signalacRie¢ demodeldtelly oausiito dard isi desh dstiralizBdansRO! t

Gecoders 3 5 Mk OHRERed &5y RRisRizRr Lo TheabuRess SlGREPSEY fom uni t
135 are r esppEmisatd ﬁoapdismmdrts an &wdldata)rcimm@rasl%elanﬁis 1@ feduce
20 noise and interference, as known. Data is truncated during
processing both within the digital filter multiplier elements and at
other processing stages within unit 120. DC offset compensation is
applied to equalizer unit 120 in accordance with the principles of
the invention as described in connection with Figure 1. Other
25 system configurations of the elements shown in Figure 3 are also
possible. For instance, a system configuration may pos1t10n the
- equalizer unit before the demodulator. _ '
The demodulated, equalized and DC offset
compensated output data from. unit 120 is decoded by means of
30 decoder 125, which may be a Reed-Solomon decoder, for example.
The corrected data packets from unit 125 are then applied to a
transport processor 130, which examines the header of each data
packet to identify audio and video data. Transport processor 130
conveys the audio and video output data to appropriate decoders
35 within unit 135. Decoded audio and video signals from unit 135
are respectively applied to an audio processor 145 and to a



tel evision video processor 140. Processors 145 and 140 format the audi o
and video signals in a manner appropriate for reproduction by unit 150.
Al t hough the invention has been described in the 5 context of an advanced
TV video signal processing system it 11 shoul d be understood that the

principles of the invention are general ly appllcable to digital signal

processi ng in&ch truncati on ocgurs Simlarly lied to . a TV

p
recei ver, the vision yidegr PEBEERSAEal #B8n Brocassors r1n4§eén801f"§ fergnal ither
function but 1a@dmaranb1e vaaebl Signlals GnhQr rharyedr @Qppropeibie) foRereprotBedbrer .
such as e de tor for exanple. A so, nenory 60 of Figure 1 may
have to store XVBP rrpensatl on Values if conpensation is required
for several di fferent fl Wldlougi'nfuhgumvémrm has been described in the
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the demodulator for example. Also, memory 60 of Figure 1 may
have to store several Compensation Values if compensation is
required for several different filter configurations.



2. Appar

atus according to claim1, wherein said Error is further a
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function of the scale factor of data at each truncation stage,—sai.d_scale

ing the factor by which data at each truncation s '
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processin
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fromsaid
si gnal .

to claim 1, wherein saidzproducing neans in

r storing said Conpensation Val ue. 4. Apparatus according
1, wherein said adding neans is an elenent of said digital signal
OWHRTWDEKCLAIMED I8: Apparatus according to claim 3, wherein
uci ng neans further includes a control network for providing one
of a plurality pf CofipessatistenVinmdsuiding# digital nehongli progepeang to a

nlfl'ém%g&gf{i N roA %'1%'?1%'1 gath w?%h 'A@ﬁg{lﬁfcﬁé:liﬁp(:%;fdi Adtal O

rern sald producirng means further 1n ) )
rtsuneahyosai dtpgeral Foy GIr@nstingt ivh VARWSs: siggal, said

second
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second nenory to said first menory i.n response to said contro

truncation error, apparatus comprising:

means for producing a DC offset compensation wvalue
(Compensation Value) as a function of accumulated DC offset
truncation errors (Error), said Error being a function of the
number of said truncation stages; and

means for adding said Compensation Value to said signal
path to reduce the value of said Error.

2. Apparatus accérding to claim 1, wherein said Error
is further a function of the scale factor of data at each
truncation stage, said scale factor being the factor by which
data at each truncation stage is multiplied relative to
nominal, non-scaled data.

3. Apparatus according to claim 1, wherein said
producing means includes a first memory for storing said
Compensation Value.

4. Apparatus according to claim 1, wherein said adding
means is an element of said digital signal processing network.

5. Apparatus according to claim 3, wherein said
producing means further includes a control network for
providing one of a plurality of Compensation Values to said
first memory in response to a system configuration control
signal.

6. Apparatus according to c¢laim 5, wherein said
producing means further includes

a second memory for storing said plurality of

Compensation Values; and
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3, wherein said producing neans

far

Turthor 1 nel udes. L EBME‘#@%S?

out put measured ;va

wherein said rreas ; ngsmsgg%ri
an output with a valhue approxinat ¢

the value of said Error to roduce a

) alroa'z)\ljlsdegcgglr gl Q;grrpte(r)lsat melﬂalml " '"’

eqygl to the negative of sai d measur &d
val ue. 9. ; pat-attus—accor to claim4, wherein said digital
signal processing: | filter for equalizing said input

3 i ?nal : gnd sasaiclsbﬂtlmm r?t@ﬂ%gc lt?aﬁsEtélrSesa@i@|pr‘dﬂ@é@dbh§§eﬁ@a%‘:ﬁﬂﬁlj
erl ne onstell a n or s 0 nts aratus accordi ng
to claim g a}\}\%r’i’f‘?f“ :'oé) Cé’é“imolr& §°|\/Baﬁ11a¥3e’as"sl“beﬁ%ﬂAl%gdﬂ aefponse

tel evi si ontwi dadddebatrol signhal.. Apparatus according to claim1, wherein
said signal path is a video signal processing path further connected to a
vi deo signal decoder and a video signal reproduction device. 12. In

a systemincl udPng aAppgraauSsign&brﬁﬁ0995$bn90ﬂeﬁman hawheged nsi gaadld pat h
v ih a pluppbih¥ifl hEURGHLALSE A9RA mRUCEby | eSS 1ML FGe
ect to ex 1ting

U

of fset truhcation &rror suc at sald signal path is su
an accunul afegapg EFF§§ttPrEKQQHQQ1aQWQHtRH§wmﬁﬂsu Ug- conpri sing:
a first nennry for storlng a DC of f set conpensatlon val ue (Cbnpensation

Val ue) ; econ for sto a pIu ity of predeterm ned
Conpensat i on Va ues; aﬁé&h ﬁ@ frendBEELNValSF S r om

sai d measuring means further prov1des sald Compensatlon Value as
an output with a value approximately equal to the negative of
said measured value.

9. Apparatus according to claim 4, wherein

said digital signal "processing network comprises a filter
for equalizing said input signal; and

said input signal is a Pulse Amplitude Modulated signal
defined by a constellation of symbol points.

10. Apparatus according to claim 9, wherein said Pulse
Amplitude Modulated signal contains television video data.

11. Apparatus according to claim 1, wherein said signal
path is a video signal processing path further connected to
a video signal decoder and a video signal reproduction device.

12. In a system including a digital signal processing
network having a signal path with a plurality of truncation
stages each subject to exhibiting a DC offset truncation error
such that said signal path is subject to exhibiting an
accumulated DC offset truncation error (Error), apparatus
comprising:

a first memory for storing a DC offset compensation value
(Compensation Value) ;

a second memory for storing a plurality of predetermined
Compensation Values;

means for transferring a Compensation Value from said



14 second nenory to said first nenory in response to a system 7 Tv-——
configuration control signal, for selecting one of said pl urauw

pr edet er mi ned Conpensation Val ues; and adigital filter "Uﬁ'”"m”ﬂ”m'l
signal processing network including a multiplier, an adder and & déla

el ement, wherein an output of said nultiglier is coupled to an input of

sai d adder and an output of said adder is coupled to said delay el enent,

wherein sai d adder adds said sel ected Conpensation Value to said signal
path to regecentihmemahrye taf smidl Eirst. memory ih3.redspanssystenai syktemg a
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data truncation cessi an i'nput sig plural ity of
truncat i onpkuagéstyubjfepredstexmne@ fgrpengesion Ned@emG @idset truncation

error (Error), pp&i&it‘éﬁ%ﬁﬂfﬁéﬁ ”ﬂetwork”eﬁﬁs d01a mcilgfﬂalngpsseeessmg
confi gurat ion O sald gl tal si na processi (g net wor K i ncludin

nunber of n§5W9rl<rﬁﬁ€5Pii6ﬁgs? Lipliesp R edden anyk e fed Gt F&GF‘&Hton

control sigRakein anrre@r&@uﬁ:oroﬂorsai@l_m@méﬁfﬁ@tceﬁﬁpéasabl aﬁ \l @i
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signal ; anBf 523ifled Elef-’of"n daPn§usRH npBhgatfRtva uE"PB s BEHA

path to redagtayt heleamemt ,of wimirbir r daid adder adds said selected
Compensation Value to said eignal path to reduce the value of
said Error.

13. In a system including a digital signal processing
network having a signal path with a plurality of data
truncation stages for processing an input signal, said
plurality of truncation stages subject to exhibiting an
accumulated DC offset truncation error (Error), apparatus
comprising: '

means for modifying the configuration of said digital
signal processing network including the number of said
truncation stages in response to a system configuration
control signal;

means for producing a DC offset compensation wvalue
(Compensation Value) in response to said system configuration
control signal; and

means for adding said Compensation Value to said signal
path to reduce the value of said Error.




